I. INTRODUCTION
In multiband radio systems, there is a high demand for tunable components such as antennas, filters and phase shifters which play a major role to reduce the cost and size of multi-band systems. Varactors are key elements in tunable circuits. Such components can be fabricated by use of different technologies such as semiconductor, MEMS, liquid crystal and ferroelectric technology [1] . In recent years, the development of tunable components based on ferroelectric films has been of great interest [1] . Barium strontium titanate (BST) is one of the most promising materials that is frequently used in tunable components. BST has a high tuning speed, high linearity and low power consumption [2] . There are different technologies to fabricate varactors by using BST.
Two main methods are thin-film and thick-film technologies.
The latter is a reliable, simple and low-cost process, which makes it suitable for planar structures. The most conventional tunable components based on BST thick-films are interdigital capacitors, fabricated on the top of the BST films. By applying an electrical field through the IDe finger gaps, the permittivity of the BST can be altered and as a result the capacitance of the device is reduced [2] . Such capacitances are typically used in the planar tunable component design and the electrodes on top of the BST are fabricated by means of a photolithography process. This is an additional cost intensive step which requires a vacuum chamber. In order to reduce the fabrication efforts and complexity, a fully printing approach is presented in this work. The printing process is fast, very cost effective, low in fabrication tolerances compared to conventional fabrication technologies and allows compact design of the multilayer structures [3] . In this work, the BST layer and the conductor layers are screen-printed. In recent studies the concept and fabrication of a fully screen-printed tunable phase shifter based on low temperature sintered BST thick-film were described [3] [4] . Due to low printing accuracy and low tunability of the capacitors in these studies, the FoM did not exceed Iso/dB, making these devices inapplicable for beam scanning applications. Therefore, in this paper, a new process is proposed for the fabrication of fully printed tunable components. That increases the printing accuracy and at the same time achieves a better tunability.
To show the application of this technology, a phase shifter in the L-band is fabricated and measured for phased array antenna application. In section II, the development of low temperature sintered BST thick-films is described, which are compatible to co-firing processes for multilayer applications.
Section
III presents the fabrication and dielectric characterization of MIM varactors. Section IV covers the loaded line phase shifter design and simulation, and chapter V presents the phase shifter prototyping and measurement.
Finally, the results are discussed and concluded in section VI.
II. DEVELOPMENT OF Low TEMPERA TURE SlNTERED BST
THICK-FILMS
For the fabrication of fully-printed and co-fired MIM capacitors, a reduction of the sintering temperature of conventional BST thick-films from 12000e down to 8500e is necessary, if using silver as electrode material. By using a sintering temperature above 8500e the resulting silver layer would be defected. In a recent study [5] , BST-ZnO-B203- Table I . Samples were co-fired in purified dried air at a temperature of 850°C for Ih using a heating rate of 2K1min. The prototype of the fabricated MIM varactor is depicted in Fig. 2 
IV. PHASE SHIFTER DESIGN AND SIMULA TlON
The equivalent circuit of the phase shifter unit cell is depicted in Fig. 3 . It consists of inductance lines and two tunable capacitors. The printing process defines the lower limit of the line width to 100/lm, which results in a capacitance value of 3.8 pF. To reduce the total capacitance of each unit cell, two capacitances were arranged in series. The layout of the designed phase shifter and the dimensions of the silver and BST lines are depicted in Fig. 4 . Moreover, the double capacitance configuration, as show in Fig. 4 , can be fabricated by higher precision, since the top electrode is printed completely on the BST layer. Fig. 3 . The unit cell equivalent circuit of the load line phase shifter.
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